Introduction
Conventional lithium ion batteries (LIBs) based on carbon anodes, such as commercial graphite microspheres and mesophase carbon microbeads (MCMB), with theoretical capacity of about 372 mAh g -1 , have now seen the limit of meeting the needs of high-energy storage. [1] [2] [3] [4] To meet the increasing demand for energy storage capability, novel electrode materials with higher capacity, low cost, and the ability to be produced at large scale are of great interest. 5 Silicon (Si) and hematite (α-Fe 2 O 3 ) have long been regarded as an appealing anode materials for
LIBs because of their much higher theoretical capacities (≈4200 and 1007 mA h g -1 , respectively)
than that of commercially used ones, nontoxicity and natural abundance. 3, [6] [7] [8] [9] [10] [11] [12] [13] [14] Despite of all these advantages, the full utilization of silicon or α-Fe 2 O 3 -based batteries to date has been hindered by a series of obstacles, including the poor cycle life and rate performance, resulted from its large volumetric expansion during the cycling and low ionic/electronic conductivity. [15] [16] [17] [18] [19] Hence, great efforts have been made to further improve their electrochemical performance by using various silicon-containing (silicon nanowires, 10, [20] [21] silicon nanotubes, 22 porous structures silicon, 23 and carbon coated silicon [24] [25] 
Characterization
The products, C-Si-Fe 2 O 3 , C-Si and Si NPs, were analyzed by X-ray diffraction (XRD; GBC MMA) with Cu Ka radiation; Raman spectroscopy (JobinYvon HR800) employing a 10 mW helium/neon laser at 632.8 nm; field emission scanning electron microscopy (FESEM; JEOL 7500) and transmission electron microscopy (TEM; JEOL ARM-200F) with high-resolution TEM (HRTEM). Elemental CHN (Carbon-Hydrogen-Nitrogen mode) analysis was conducted for determining the carbon content in C-Si-Fe 2 O 3 . The X-ray photoelectron spectra (XPS) experiment was carried out using Al K-alpha radiation and fixed analyser transmission mode. The pass energy was 60 eV for the survey spectra and 20 eV for specific elements.
Electrochemical measurement
The tests were conducted by assembling coin-type half cells in an argon-filled glove box. Lithium NPs from agglomeration and enables a good dispersion of these active particles over the carbon sheets support. Besides, very thin carbon coating layers can be seen on the surface of Si NPs. The mechanism for the formation of this structure can be explained to be as following. The iron-oleate complex was first synthesized during the aging period and then uniformly mixed with Si NPs. Upon heating under inert atmosphere, the metal−oleate complex was converted to form the two-dimensional hematite/carbon hybrid nanosheet structure, and thin carbon coated Si NPs were sandwiched between these hybrid nanosheets. Fig . 3b shows their Raman spectra. For all the silicon-based samples, the strong peaks at about 500 cm -1 , are ascribed to Si and SiO. [36] [37] The peak at around 1350 cm -1 (D-band) are associated with the vibration of carbon atoms with dangling bonds in plane terminations of the AC, 38 while the strong peak at about 1590.0 cm -1 (G-band) can be assigned to the vibration of sp 2 -bonded carbon atoms in a two-dimensional hexagonal lattice, 39 namely the stretching modes of C=C bonds in typical graphite. For the carbon-based samples, a low-intensity and weak G-band peak suggest a structural imperfection of the graphene sheets such as small crystal domain size or defects. [40] [41] [42] Therefore, the carbon inside C-Si- During the first discharge process, two reduction peaks at 1.48 and 0.68 V can be observed, which could be related to a multi-step electrochemical reduction process. 6, [47] [48] Specifically, the small cathodic peak at 1.48 V can be respectively ascribed to the initial lithium intercalation and the phase transition from 
Results and discussion
In addition, another cathodic at 0.18 V appears since the second cycle, attributed to the alloying of lithium with silicon. 52 The subsequent broad anodic peaks during the charge process are observed at 1.60 and 1.93 V, indicating the multiple step oxidation of Fe 0 . 26, 49, 53 Meanwhile, the other oxidative peaks located at about 0.31 and 0.48 V are due to the extraction of lithium ions from the carbon and dealloying of Li x Si. 7, 30 The general overlapping of charge curves implies the good reversibility and stability of the electrochemical reaction. 6 These results nearly coincide with the voltage plateaus in the galvanostatic discharge-charge curve ( The enhanced electrochemical properties of the porous C-Si-Fe 2 O 3 could be attributed to its unique architecture: (1) the sandwich nanoarchitecture helps to prevent α-Fe 2 O 3 and Si NPs from agglomeration and enables a good dispersion of these active particles over the carbon sheets support;
(2) multilayered structure can form a porous, highly conducting 3D network that can serve as a structural scaffold to improve the electronic conductivity, strengthen the mechanical properties and also provides better room for the huge volume change of Si NPs and α-Fe 2 O 3 during cycling; 5, [55] [56] and (3) nano-sized α-Fe 2 O 3 particles (≈30 nm) uniformly embedded on the carbon layers will enhance the diffusion process, which leads to the less tortuosity of electrode and higher electrolyte diffusion thus enhancing the rate performance. 
Conclusions
In summary, we have demonstrated a facile and scalable method for preparing a novel nanoarchitecture of carbon@silicon@hematite (C-Si-Fe 2 O 3 ) composite employing the one-step self-assembled method. Silicon nanoparticles sandwiched between the nanosized iron oxide embedded carbon layers, and more importantly, portions of these carbon sheets stacked reconstitute to form a porous conductive network. Rationally designed unique 3D porous carbon network enhances the electrical conductivity and enables this C-Si-Fe 2 O 3 composite to buffer the volume change of silicon and α-Fe 2 O 3 during the cycling much more effectively. Compared with the commercial graphite microspheres (372 mAh g -1 ), C-Si-Fe 2 O 3 shows much higher capacity and better rate performance. Clearly, the simplicity and scalability of this fabrication process and the excellent electrochemical property will make C-Si-Fe 2 O 3 anode material promising for the practical application in the next generation Li-ion cells.
